Individual cell types are defined by architecturally and functionally specialized cortical domains. The Ezrin, Radixin, and Moesin (ERM) proteins play a major role in organizing cortical domains by assembling membrane protein complexes and linking them to the cortical actin cytoskeleton. Many studies have focused on the individual roles of the ERM proteins in stabilizing the membranecytoskeleton interface, controlling the distribution and function of apical membrane complexes, regulating the small GTPase Rho, or establishing cell-cell junctions. We previously found that deletion of the mouse Ezrin gene yields severe defects in apical integrity throughout the developing intestinal epithelium, resulting in incomplete villus morphogenesis and neonatal death. However, the molecular function of Ezrin in building the apical surface of the intestinal epithelium was not clear. By deleting Ezrin in the adult mouse intestinal epithelium, we provide evidence that Ezrin performs multiple molecular functions that collaborate to build the functional apical surface of the intestinal epithelium in vivo. The loss of Ezrin-mediated apical integrity in the adult intestine yields severe morphological consequences during intestinal homeostasis, including defects in cell geometry, extrusion, junctional remodeling, and spindle orientation. Surprisingly, deletion of Ezrin either before or after villus morphogenesis yields villus fusion, revealing a previously unrecognized step in intestinal homeostasis. Our studies indicate that the function of Ezrin in building and maintaining the apical domain is essential not only for intestinal morphogenesis but also for homeostasis in the mature intestine.
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actomyosin contractility | planar cell polarity | colon | Merlin T he vast array of forms and functions exhibited by different cell types is made possible by the organization of specialized domains within the cell cortex. The assembly of such domains involves the coordination of processes occurring at the plasma membrane with those in the underlying cytoskeleton. Central to this coordination is the formation of protein complexes on the cytoplasmic side of the plasma membrane that localize membrane proteins, control their abundance and activity, and link them to the cortical cytoskeleton, thereby serving both regulatory and architectural functions.
The ERM proteins (ERMs) can assemble multiprotein complexes at the membrane-cytoskeleton interface and play a key role in organizing the apical domain of polarized epithelial cells (1, 2) . These proteins harbor a trilobed N-terminal FERM (Four-point-one-ERM) domain that provides multiple proteinbinding interfaces and mediates plasma membrane association and a C-terminal domain that can associate directly with F-actin (3, 4) . The FERM domain can bind directly to any of several transmembrane proteins or to PDZ domain-containing adapters such as NHERF1 (Na + /H + exchanger regulatory factor 1), which, in turn, can associate with additional transmembrane proteins (1, 5, 6) . Given this structure, the ERMs can potentially link multiple proteins to the actin cytoskeleton. As such, they are thought to both stabilize the cortical actin cytoskeleton and control the assembly, distribution, and activity of certain membrane-associated complexes, although these functions have been largely studied independently. For example, studies in flies and cultured mammalian cells reveal a key role for the ERMs in stabilizing the membrane-cytoskeleton interface during bleb retraction, mitotic cell rounding, and the establishment and maintenance of apical cell-cell junctions (7) (8) (9) (10) . Other studies have documented a role for ERMs in assembling apical membrane complexes (11) (12) (13) (14) . Studies in the fly indicate that yet another key function of the single Drosophila ERM protein, Moesin, is to negatively regulate the small GTPase Rho1 (15) . Therefore, the ERMs may do at least three things, perhaps simultaneously and in coordination: (i) stabilize the membrane-cytoskeleton interface, (ii) regulate the formation of apical membrane complexes, and (iii) control Rho1 (RhoA in mammals, hereafter referred to as "Rho") activity.
The specialized apical domains of thousands of individual intestinal epithelial cells work together to carry out the absorptive function of the intestine while providing a strong, flexible network that can withstand and respond to mechanical stress during constant homeostatic cell movement. This apical brush border (BB) domain features a dense mat of microvilli that increase the absorptive surface area of the gut and are anchored in a thick, contractile cytoskeletal platform known as the terminal web. The terminal web is integrated with the circumferential apical junctional region (AJR), allowing mechanical coupling among cells across the epithelium.
Recent studies from our laboratory and others have revealed a key role for ERM function in building the apical domain of intestinal epithelial cells in vivo (16) (17) (18) . Loss of Ezrin, the only ERM expressed in the mouse intestinal epithelium, or of the single ERM ortholog (ERM-1) in Caenorhabditis elegans, yields remarkably similar defects in apical integrity throughout the developing intestinal epithelium. In the absence of Ezrin/ERM-1, intestinal epithelial cells establish apical-basal polarity and form microvilli, but exhibit defects in the morphology of the apical domain, particularly in the terminal web and associated junctions (16, 18) . In the developing mouse intestine, this results in the incomplete expansion of secondary lumina that would normally segregate individual villi (16) . Ezrin-null mice fail to thrive and do not survive past weaning; whether this is due to architectural defects in villus morphogenesis, aberrant function of apical transporters, or both is not known. Moreover, the molecular function of Ezrin in building the apical surface of the intestinal epithelium is not clear. By deleting Ezrin in the adult mouse intestine, we demonstrate that (i) Ezrin performs multiple molecular functions in vivo and (ii) the function of Ezrin in building and maintaining the apical domain is essential not only for morphogenesis but also for homeostasis in the mature intestine. ;Ez lox/lox mice led to recombination of the Ez allele and complete loss of Ezrin throughout the colonic and small intestinal epithelia (Fig. S2) . Tamoxifen-treated mice were viable but exhibited severe defects in apical integrity that were nearly identical to that seen in Ez −/− or Vil-Cre;Ez lox/lox neonates in which Ezrin was deleted before villus morphogenesis ( Fig. S1 ) (16) . For example, instead of the highly organized wild-type BB composed of a compact, cytoskeletal terminal web and uniformly sized and oriented microvilli ( Fig. 1 A and C) , deletion of Ezrin in the adult intestine yielded a distended terminal web and nonuniform, misoriented microvilli ( Fig. 1 B and D and Fig. S3 ). In fact, Ez −/− microvilli exhibit a spectrum of morphologies-from distinct, individual units [i.e., Fig. 1 E and F and D (top)] to a more "weblike" morphology [i.e., Fig. 1D (bottom) ] to a gross herniation of the entire apical membrane (i.e., Fig. 1 E and F) . We interpret this to reflect a requirement for Ezrin in tethering the membrane to the cortical cytoskeleton at the base of each microvillus and/or organizing the terminal web from which they protrude. In fact, in contrast to the continuous apical accumulation of actin in control epithelia (Fig. 1G) , apical actin is often ragged and discontinuous in the absence of Ezrin (Fig. 1H) , further supporting an important role for Ezrin in stabilizing the membrane-cortical cytoskeleton in vivo. Notably, these defects were seen throughout the small intestine and in the colon, which was not examined in our earlier study (16) .
Loss of Ezrin Disrupts the Formation of Apical Membrane Complexes.
Given that Ezrin can bind to membrane-associated receptors and adapters and is essential for apical membrane integrity, we expected that apical membrane complexes that rely on Ezrin would be disrupted in vivo. For example, recent studies indicate that fly Moesin, Sip1 (the Drosophila ortholog of NHERF1), and Slik (a kinase necessary for Moesin phosphorylation and activation in the fly) form an interdependent apical complex (20) . A major advantage of deleting Ezrin in the adult is that, in contrast to Ez −/− neonates, the adult intestine yields enough tissue for biochemical analysis. Indeed, biochemical fractionation of BB components revealed that the levels of Slk (the mammalian homolog of Slik) are markedly reduced in BBs isolated from the Ez −/− intestine ( Fig. 2A and Fig. S3C ). Similarly, NHERF1 fails to localize apically in the adult Ez −/− intestine, as in the neonate (16), and is not present in isolated BBs ( Fig. 2 A-C) . Notably, the total levels of NHERF1 are also reduced in the Ez −/− intestinal epithelium, suggesting that NHERF1 stability may depend on its localization and/or interaction with Ezrin. This is consistent with the finding that loss of Moesin decreases the overall abundance of Sip1 in the fly (20) . NHERF1 is known to associate with and regulate the ion transporters NHE3 and CFTR in the intestine (21) , suggesting that they may be misregulated in the absence of Ezrin. Misregulation of these transporters in mouse models causes fat malabsorption (22) . Indeed, fecal analysis revealed the presence of excess fats in feces from Ez −/− intestines (Materials and Methods). Together these data indicate that Ezrin is required for the assembly and function of BB membrane complexes in vivo. negative form of Ezrin increased Rho activity (15) . It is not known, however, whether Rho inhibition is a general property of mammalian ERMs, as no suitable model for testing this hypothesis in vivo was previously available. Therefore, we measured Rho activity in control and Ez −/− epithelia. Despite similar total levels of Rho, levels of active Rho were increased in both Ez −/− colonic and small intestinal epithelia (Fig. 3A and Fig. S4A ). This was accompanied by an increase in phosphorylation of myosin light chain 2 (MLC2), a target of Rho and a mediator of actomyosin contractility (Fig. 3B and Fig. S4B) , and by the altered distribution of phosphorylated MLC2 (pMLC2). In isolated control cells, pMLC2 was concentrated at the compact apical surface with an additional diffuse localization throughout the cell (Fig. 3C) . In contrast, pMLC2 was markedly enriched in the thickened apical region in Ez −/− cells and exhibited a punctate distribution throughout the cell (Fig. 3D) , reminiscent of the contractile myosin aggregates seen in Drosophila S2 cells that lack Moesin (9).
Morphogenetic Consequences of Ezrin Deficiency in the Adult
Intestine. We expected that defects in Rho regulation and in the integrity of the apical domain would affect the dynamic architecture of the Ez −/− intestinal epithelium. Indeed, Ez −/− cells throughout the intestine exhibit a morphology that is distinct from their wild-type counterparts. Whereas wild-type cells have a wider apical surface relative to the middle or basal region, Ez −/− cells are uniformly narrow. This is particularly pronounced in the colon where wild-type cells exhibit markedly expanded apical membranes as they execute a 90 degree turn at the transition from the crypt to the colon surface (Fig. 4A) . In contrast, Ez −/− cells maintain narrow apical surfaces such that nearly twice as many cells accomplish this transition (Fig. 4 B and C) . This is consistent with the possibility that the apical surface of Ez −/− cells cannot expand due to excess Rho-mediated actomyosin contractility. Similar differences were seen at the crypt-villus junction of the small intestine.
The adult intestinal epithelium is in a constant state of movement, with newborn cells continuously migrating from the crypts to villus tips or the colonic surface where they are extruded into the intestinal lumen (23) . Rho-dependent actomyosin contractility is known to be critical for epithelial cell extrusion (24) . In fact, excess apical Rho activity has been linked to a failure of apical extrusion in cultured cells (25) . Therefore, we suspected that there might be a defect in the extrusion of cells from Ez −/− intestines. Normally, cells are extruded before visible signs of apoptosis. Indeed, we found a sixfold increase in the percentage of cleaved caspase-3-positive cells at the surface of the Ez −/− colonic epithelium (control = 0.64%; Ez −/− = 3.8%) (Fig. 4 D-F) , suggesting that Ez −/− cells receive the extrusion signal but are not physically removed in a timely manner (24) . The altered apical morphology of cells at the crypt surface, together with defects in cell extrusion, yields a prominent difference in the contour of the colonic surface epithelium as highlighted by scanning electron microscopy (SEM). The surface of the Ez −/− colon is studded with donut-shaped accumulations of cells surrounding the mouth of each crypt (Fig. 4H) , in contrast to the smooth, uniform surface of control tissue (Fig. 4G) .
It is not surprising that deletion of Ezrin from the adult small intestine and colon led to apical defects similar to those of Ez intestine after villus morphogenesis would also lead to the fusion of villi across the small intestine, a defect that is readily visualized by SEM (Fig. 4J) . Instead of individual units of architecture ( Fig. 4I and Fig. S5A ), Ez −/− villi formed amalgamated structures composed of two or more villi that were fused to form a single architectural unit (Fig. 4J and Fig. S5B ). The extent of fusion between Ez −/− villi increased with time after Ezrin deletion until the villi were fused along their entire length, arguing that villus fusion occurs during the continuous repopulation of the villus with cells from the crypt.
Ezrin Stabilizes the AJR in the Mammalian Intestinal Epithelium. The remarkably similar phenotypes of Ez −/− neonates and adults suggest that villus fusion results from the same underlying defect in development and homeostasis. During development, villus morphogenesis is driven in part by the de novo formation and expansion of secondary lumina throughout the stratified epithelium that originally lines the gut tube, converting it into a columnar monolayer and driving the segregation of individual villi (26, 27) . A key step in this process is the progressive conversion of cell junctions into a new apical surface. In the absence of Ezrin, secondary lumina form but often fail to expand, yielding incomplete segregation of villi (16) . In the adult, the epithelium is already a columnar monolayer; it is the turnover of this monolayer that requires precise and dynamic regulation of cell junctions. The intricate cell rearrangements that occur as cells migrate from crypt to villus in the adult have not been well-mapped; however, cells from each crypt contribute to more than one villus, and some must segregate at the crypt-villus transition. Thus, villus fusion in the adult likely results from defects in junctional remodeling during this transition. Indeed, recent studies have reported roles for the ERMs in stabilizing and remodeling the AJR in worms, flies, and mammals (10, 16, 18, 28) . This would also be consistent with the well-documented role for Rho in expanding and stabilizing apical junctions in mammalian cells (29) (30) (31) . To determine whether Ezrin stabilizes the intestinal AJR, we examined the wild-type and Ez −/− AJR morphologically and biochemically. Transmission electron microscopy revealed that, instead of the compact AJR that contains parallel, closely apposed membranes in wild-type epithelia (Fig. 5A) , deletion of Ezrin led to elongated and sinuous junctions that often contained obvious gaps between points of close apposition (Fig. 5B) .
Biochemical fractionation provided additional evidence that the AJR is altered in the absence of Ezrin. The solubilities of the core adherens junction (AJ) components E-cadherin, β-catenin, and α-catenin were dramatically increased in Ez −/− BBs (Fig.  5C ). We also found that AJ components were associated with higher-molecular-weight complexes in the absence of Ezrin. Sucrose gradient centrifugation of lysates from control and Ez −/− intestines revealed that AJ components in control cells sedimented mainly in fractions 3-6, although significant levels of AJ proteins were also present in higher-molecular-weight fractions in Ez −/− cells (Fig. S6) . Immunoprecipitation of E-cadherin from these fractions revealed the association of α-catenin and β-catenin, suggesting that the core AJ complex associates with different proteins in the presence and absence of Ezrin (Fig. 5D ).
Altered Spindle Orientation in the Absence of Ezrin. Our biochemical data fit well with the growing appreciation that the AJR is a dynamic and heterogeneous structure (28, 32, 33) . For example, recent studies suggest that the AJR contains cadherin complexes that are either freely moving or part of actin-associated clusters that are embedded in a contractile cortical cytoskeleton (34) . Moreover, within the AJR, AJ proteins can exhibit asymmetric (planar polarized) distributions that drive polarized cell rearrangements, perhaps reflecting underlying differences in the distribution and/or composition of cadherin clusters (35) (36) (37) (38) .
Planar polarity has not been studied in the intestine, but the fact that cells constitutively migrate from crypt to villus suggests that they know their orientation relative to this axis. Given the essential role of Ezrin in building the apical cortex of intestinal epithelial cells, together with the altered biochemical properties of AJ complexes in the absence of Ezrin, we suspected that Ezrin might be required for planar orientation in the intestinal epithelium. A signature of planar polarity in other tissues is spindle orientation (39) (40) (41) . Spindles in transit amplifying cells of the crypts are known to align parallel to the apical surface, but it is not clear whether they are planar-polarized (parallel to the apical surface and specifically oriented relative to the crypt-villus axis). Indeed, we found that most spindles in control crypts were aligned parallel to the apical surface as has been described (42, 43); we also found that they were predominantly oriented along the crypt-villus axis, indicating that they are planar-polarized ( Fig. 6 A and C and Movie S1). In contrast, spindles in Ez −/− crypts, although still parallel to the apical surface, exhibited a near random orientation relative to the crypt-villus axis (Fig. 6 B and C and Movie S2). Confocal imaging and 3D reconstruction allowed for quantitation of spindle orientation. Thus, whereas 91% of control spindles were aligned within 30 degrees of the crypt-villus axis, only 67% of spindles in Ez −/− cells were similarly aligned (Fig. 6C) . These data suggest that Ezrin-dependent organization of the apical cortex is required for planar-polarized spindle orientation in the intestinal epithelium.
Discussion
By bringing together multiple proteins at the membrane and linking them to the cytoskeleton, the ERMs seem designed to simultaneously coordinate several activities at the cell cortex. Studies of the ERMs across species have independently focused on their roles in stabilizing the membrane-cytoskeleton interface, regulating the small GTPase Rho, controlling membrane receptors, or stabilizing the AJR. Here, we provide evidence that the ERMs carry out all of these functions in the same tissue in vivo, supporting the notion that individual ERM molecules can simultaneously coordinate multiple activities. Moreover, we extend Co-immunoprecipitation of β-catenin and α-catenin with E-cadherin in the indicated sucrose gradient fractions (Fig. S6 ) reveals the presence of highermolecular-weight AJ complexes in Ez −/− intestines.
our previous discovery of the requirement for Ezrin in intestinal development and show that Ezrin function is also necessary for intestinal homeostasis in the adult. In fact, the phenotypic consequences of deleting Ezrin before villus morphogenesis (during development) vs. during villus maintenance (in the adult) are essentially identical, uncovering a previously unrecognized morphogenetic aspect of intestinal homeostasis. We also provide evidence that the intestinal epithelium is planar-polarized. The ability of the ERMs to directly control both local cortical architecture and receptor distribution/activity renders them pivotal in creating cortical domains that define the functions of individual cells or tissues. Ezrin coordinates these molecular functions to build a contractile apical domain that also carries out the absorptive function of the intestinal epithelium. Conversely, the loss of apical integrity due to Ezrin deficiency reflects the concomitant loss of multiple molecular functions and profoundly impacts intestinal architecture, function, and homeostasis. On a cellular level, destabilization of the membranecytoskeleton interface and increased Rho-mediated actomyosin contractility likely cooperate to give rise to a BB that exhibits misoriented microvilli and is prone to herniation. Microvilli function to increase the absorptive surface area of the gut and present transporters to the intestinal lumen. Therefore, these defects may reflect the function of Ezrin both in stabilizing the membrane-cytoskeleton interface and in presenting and regulating critical transporters. Notably, recent studies indicate that microvilli can function as dynamic conveyor belts that continuously shed active enzyme-containing vesicles into the intestinal lumen, highlighting the importance of coordinating mechanically stable membrane-cytoskeleton attachment with the positioning and regulation of membrane protein complexes (44) .
The intestinal epithelium is the most dynamic tissue in the adult body, replacing billions of cells every 4-5 d through an exquisitely choreographed program of cell division, migration, and extrusion (23) . The interconnected BBs of intestinal epithelial cells provide a strong, flexible network that maintains the integrity of the epithelium while cells are in constant movement and under continuous mechanical stress. The apical surfaces of Ez −/− cells across the epithelium are narrow and do not expand at the crypt surface, consistent with the notion that they are constrained by excess Rho-mediated actomyosin contractility. Moreover, the extrusion of apoptotic cells from the colonic epithelium, which is driven by a transient relaxation of Rho-mediated contractility, is defective in the absence of Ezrin. These defects highlight the dynamic nature of Rho-mediated contractility that must govern these processes and suggest that the role of Ezrin in Rho regulation is also dynamic. The most profound defect caused by loss of Ezrin in the adult is the development of fused villi. Surprisingly, this phenotypically mirrors the consequences of Ezrin deficiency in the developing intestine, a defect attributable to the failed expansion of secondary lumina that drive villus segregation specifically during development. However, careful consideration reveals that both of these defects may reflect failed segregation of cells due to defective junctional remodeling and are therefore likely to be directly related. In the adult, crypts significantly outnumber villi (23) , and each crypt contributes to several surrounding villi. Therefore, the process of continuous villus repopulation must involve the segregation of adjacent cells at some point. In the Ez −/− intestine, adjacent cells appear unable to segregate and instead remain in contact as they ascend two different villi, resulting in villus fusion ( Fig. 4J and Fig. S5B ). This defect could be due to defective planar polarization of cell junctions. The segregation of adjacent cells before migration up separate villi implies that cell junctions aligned with the crypt-villus axis, but not those perpendicular to it, are programmed for segregation. Our observation that spindle orientation is planar-polarized in the wild-type but not in the Ez −/− intestine, together with morphological and biochemical differences in the AJR in the absence of Ezrin, support this hypothesis.
The mechanism by which Ezrin stabilizes the AJR may be indirect. Studies in Drosophila demonstrated that, through interaction with the membrane-tethered protein Bitesize (Btsz), Moesin organizes actin in a localized domain that is in turn required to stabilize E-cadherin (10) . In btsz mutants, Moesin localization to the AJR is decreased and E-cadherin is not stabilized, as actin filaments fail to form a stable, continuous network that defines the boundary between the apical and junctional domains. Indeed, the elongated and disorganized appearance of cell-cell junctions in Ez −/− intestinal epithelia (Fig. 5B ) could reflect the lack of a properly defined apical-junctional boundary. However, although several mammalian homologs of Btsz exist, none contain the Moesin-interacting domain (10) .
Our data uncover the complex molecular requirements for Ezrin in building the apical BB and the similarly complex biological requirements for the apical BB in intestinal epithelial homeostasis. This model will be valuable for a detailed biochemical interrogation of Ezrin-containing complexes in the intestinal epithelium and for deeper analyses of individual aspects of intestinal homeostasis. presented. Note that both centrosomes are found in a single z-plane in control crypts (A), whereas the two centrosomes in B are in distinct z-planes that are 4 μm apart. (C) Quantitation of spindle orientation carried out by confocal imaging and 3D reconstruction reveals that 91% ± 7.5% (n = 23; P < 0.0005) of spindles in control crypts were aligned within 30°of the cryptvillus axis, whereas only 67% ± 8.0% (n = 30; P < 0.05) of spindles in Ez −/− crypts were aligned in this manner (overall P < 0.05).
Materials and Methods

SI
naling (cleaved caspase-3, 9661). HRP-conjugated secondary antibodies were detected using a DAB (3,3′-diaminobenzidine) kit (Vector Laboratories).
Electron Microscopy. For transmission electron microscopy (EM), small intestinal tissue was fixed in 4% glutaraldehyde and prepared and imaged as described (16) . Colonic tissue was fixed in 2.5% glutaraldehyde/2.5% paraformaldehyde in 0.1 M sodium cacodylate buffer (Electron Microscopy Sciences), prepared as above, examined on a Tecnai G 2 Spirit BioTWIN electron microscope, and captured as above. For scanning EM, tissues were fixed in 2.5% glutaraldehyde, postfixed in 1% osmium tetroxide (both in 0.1 M phosphate buffer), and dehydrated. Samples were sputter-coated with 15 nm gold:palladium and examined on a Hitachi S-4800 field emission scanning electron microscope.
Rho Activity Assay. Intestines were flushed with PBS, opened, and placed in buffer [50 mM Tris·Cl (pH 7.4), 150 mM NaCl, 10 mM MgCl 2 , 5% glycerol, 1% Triton-X 100, 0.1% SDS, and a protease/phosphatase inhibitor mixture]. Cells were scraped into buffer, lysed (10 min, ice), cleared (13,000 × g 5 min, 4°C), and incubated with GST-Rhotekin-Sepharose (45 min, 4°C). For controls, 1 mM GDP and 100 μM GTPγS were added to lysates. BB Isolation. BBs were isolated using the method described by the Tyska laboratory (44) .
Immunofluorescence. Intestinal epithelial cells (IECs) were isolated as above, washed, and fixed in 4% paraformaldehyde (PFA). Cells were blocked in 10% goat serum and incubated with anti-pMLC2 antibodies (Cell Signaling; #3675). Crypts were isolated by incubation of small intestines in 3 mM EDTA/ 0.5 mM DTT (90 min, ice) and mechanical fractionation in PBS. Crypts were washed, fixed in 4% PFA, blocked, permeabilized in 2% BSA/0.1% Triton-X 100, and incubated with anti-pericentrin antibodies (Abcam ab4448).
Sucrose Gradient Centrifugation and Immunoprecipitations. IECs were isolated as above, lysed in triton lysis buffer [135 mM NaCl, 50 mM Tris·Cl (pH 7.4), 1 mM EDTA, 1 mM EGTA, 1% Triton-X 100, and a protease/phosphatase inhibitor mixture], cleared (14,000 × g, 30 min, 4°C), and resolved on 12 mL 5-30% wt/vol sucrose gradients (28, 000 × g, 18 h, 4°C) . For immunoprecipitations, anti-E-cadherin antibodies (BD Biosciences; 610182) were incubated with fractions (16 h, 4°C) and recovered on Protein A-Sepharose (GE Healthcare) (2 h, 4°C).
Immunoblotting. IECs and BBs were lysed in RIPA buffer (16) (1 h, ice) or 1% SDS buffer [10 mM Tris·Cl (pH 7.4), 1% SDS, 50 mM NaF, 1 mM Na 3 VO 4 ] (10 min, 100°C) and cleared (14,000 × g, 30 min, 4°C). Proteins were detected using the indicated antibodies.
